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today constitute but a small fraction of one percent of our total population. Yet nearly 


ything we do or have is in some way affected or enhanced by engineering. Engineering builds 


our bridges, furnishes our wa ipply } rivers, furnishes our electric power—and the 
ands of household and industrial devi at use it; it digs tunnels, produces airplanes that fly 
faster than sound, and nuclea ibmarine it can go vast distances non-stop and without 
urfacing; engineering helps grow better agricultural crops, and even figures in such common 


items as fountain pens and toys. You name it; the chances are that engineering is involved. 

Yet despite the amazing role plays y el n our modern civilization, engineering is probably 
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must be 1, as well as the story of the devices and structures it builds. 
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he need for greater public awareness of engineering has many sides. But one, at the moment, seems 
extremely important to the welfare of the country. This concerns the task of attracting more young 
people to the engineering fields. Little needs to be said about our present shortage of engineers. 
Raising the general prestige of the engineering profession will help, in itself, provide more incentive. 


is but one reason for the need for greater public awareness; others are equally obvious. 


Che task not one that can be performed by any one group alone; 
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must, by example, serve as an incentive to others to enter his 

field. The methods are numerous. Participation in community affairs, 
talks before civic groups, clubs, and schools are a few 

examples. Many engineers are already doing these things, 


but there is plenty of room for more activity. 
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Fig. 1—Right, a complete 
scale from zero degrees I 
to absolute zero. Left, one 
portion of the scale ex- 
panded; in this region 
NIOBIUM-TIN most known superconduc- 
(Nb; $n tors lose their resistivity 
The exact point is known as 
the transition temperature. 
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N THE FRIGID AREAS of northern 
Siberia, the temperature once 


THALLIUM 
dipped to 90 degrees below zero Fahrenheit, the lowest atmospheric tem 


perature ever recorded officially on the earth’s surface. To most people, 
ae : familiar with the zero-degree temperature of a cold winter day, or of their 
TITANIUM home freezer, this is an almost inconceivably low temperature. To the 
sper ialist in that field of research. however. “low temperature” isa range 
far removed from even the most unusual atmospheric conditions. His area 
of investigation begins several hundred degrees lower, and ranges down to 
within a few tenths of a degree of $59 degrees F, or absolute zero 
Low temperature research 1s a scientilu and an engineering field of con 
siderable and growing activity. Before the war this field was investigated 
intensively at perhaps a half-dozen laboratories, mostly in Europe; today 
the number of laboratories is of the order of 100, most of them in the 
United States 
Why has the low-temperature field continued to attract a growing num 


ber of scientists and engineers? Answers to this question involve the theo 
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discoveries that already have been made in this field 

In the first place, low temperature researc! opens up lor 
exploration, literally, a limitless temperature range. Experi 
ence has shown that in a given ten perature range the abur 
dance of new phenomena depends not on the number of de 
grees of temperature involved but rather on the ratio of the 
absolute temperatures covered. From this point of view, a 
more realistic picture of the importance of a given temper 
ature interval is given by considering the logarithm of the ab 
solute temperatures ; the infinite extent of the low ten pera 
ture field thus becomes apparent. More specifically, wit 
ple liquid-helium techniques a temperature of 1 degree K can 
be reached quite readily, a temperature which is 1/300 of that 
ot room temperature Io increase the absolute temperature 
by a factor of 300 upward from room temperature would 
volve a temperature of 90 000 degrees K 

In the second plac e, the power ol low temperature research 
lies in the effects of lowering the thermal! energy of substances 
Thermal energy is simply the energy a substance has by virtue 
of its temperature. In general, lowering the temperature 
greatly simplifies the physical processes that occur within a 
substance, and so low-temperature experimentation is a get 
eral tool for eluc idating the electrical, m ignetk optical ther 
mal, and mechanical properties of substances 

One way by which this simplification occurs is through the 
reduction of the thermal agitation of the atoms comprising a 
substance; this often makes possible studies that at higher 
temperatures would be exceedingly difficult, if not impossible 
lor example, the role played by impurities in determining the 
electrical and thermal conductivities of metals is often masked 
at higher temperatures by the violently moving atoms, whic! 
in colliding with the electrons, absorb most of the energy lost 
by them in passing through a metal. Lowering of the temper 
ature brings this atomic dance to al] but a halt, and the effects 
of the impurities as well as those of boundaries of the conduc 
tor can be observed 

Another example ol great importa! ce lor the theory ot met 
als 1S provided by a consideration of the speciiic heat ola 
metal, i.e. the ratio of heat energy absorbed to the change 
temperature lor the understanding ol the metallic state the 
contribution to the specific heat by the electrons must be 
known. Again, only in the liquid-helium range can the mash 
ing effects of the specific heat of the assembly of atoms be 
eliminated, and those of the electrons be made to stand out 


lo summarize, then, the obscuring effects of thermal 


tion can be eliminated at low temperature and individ 
fundamental processes, hidden at nigner temperat ire Ca bye 
sorted out and studied in relative isolatior 


In the third place, the study of the temperature de pence ( 


ol a property ol matter over a tem px rature range invo 
large ratio of absolute temperature often provides a1 sight 
of the processes underlying the property. For example ( 
study of the magnetic susceptibility ol phosphors trom root 
temperature down to 1 degree K has shed considerable light 
on the nature of activators, 1.e. the impurities prese! 
minute amounts, on whose presence the effectiveness ol the 
phosphor depends 

Thus, low-temperature techniques provide a unique an 
potent tool for fundamental explorations a tool, whict ike 
x-rays, has become essential for experimentation in diverse 
and engineering 


areas of physics, metallurgy, chemistry 


There is yet another aspect ol the lowering ol thermal! ¢ 


ergy. Suppose that there exist in nature phenomena that are 
so delicate energy-wise that the thermal! energy present n 
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Fig. 2—Resistance-temperature curves of pure and impure metals 
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Fig. 3—The onset of super 
conductivity in mercury, i.e 
the complete disappearance 
of electrical resistance. This 
phenomenon was first discov- 
ered by the Dutch physicist 
Kamerlingh Onnes in 1911 


Fig. 4—Magnetic fields of cer 
tain magnitudes destroy su 
perconductivity. These curves 
illustrate the 


tween temperature and criti- 


relation be 


cal field for different metals 


Fig. 5—At left, the predicted 
magnetic properties of a su 
perconductor, and at bottom, 
the observed properties, This 
illustrates that the magnet 
induction (B) of a supercon 
ductor is zero and is inde- 


pendent of magnetic history 
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Basically, the problem of obtaining ultra- 
low temperatures is no different than that of 
producing ordinary refrigerator tempera- 
tures, i.e., heat must be pumped from the re- 
gion to be cooled and “dumped” in a region 
of higher temperature. However, because the 
temperature sought is at the extreme end of 
the scale, the techniques and equipment em- 
ployed are somewhat more complex. 

Most low-temperature experiments are 
conducted in either liquid nitrogen, which 
liquefies at about —321 degrees F, or in 
liquid helium, which liquefies at about —452 
degrees F; both are liquefied by essentially 
the same processes. The low liquefaction 
temperature of helium makes it most suitable 
for experiments conducted within a few 
degrees of absolute zero 

One common method of liquefying helium 
is shown schematically in the diagram at right. 
Fundamentally the process consists of com- 
pressing pure helium gas to a pressure of 
about 200 psig, precooling it by means of a 
heat exchanger, and then allowing the gas to 
expand. The expansion cools the gas to the 
point where it liquefies 

Helium is first passed through oa purifier, 
and then to a reservoir. The gas is then com 
pressed in four stages to a little over 200 
psig, and is fed——-at room temperature—into 
the heat exchanger. Here it is first precooled 
by gas already processed or by liquid ni- 
trogen 

Part of the gas is fed to an expansion en- 
gine where it is allowed to expand, and thus 
cool further. This portion is fed back to the 
precooler to cool inc oming gos 

The remainder of the gas goes to a second 

heat exchanger, where it is further cooled; it 
s then allowed to expand through a special 
alve, which cools it to the point where it 
liquefies (— 452 degrees F). Gas that does not 
liquefy is drawn off and fed back through 
both heat exchangers to remove heat from 
incoming gas. It then returns to the compressor 
and starts the cycle again. Frequently more 
than one expansion engine and heat ex- 
changer are used to cool the gas in several 
stages 

The temperature of the liquid helium can 
be further reduced by pumping a vacuum 
sbove it and by special magnetic means, to 
obtain temperatures within a few tenths of a 
degree of absolute zero 

Helium can be maintained in a liquid form 
for long periods in a special container devel- 

ped at the Westinghouse Research Labor- 
stories; the mtainer of liquid helium is sur- 
rounded by a second container filled with 
| quid nitroger 

This produces, in effect, a large thermos 
»0ttle. Liquid helium can be stored in this 
manner for several months; a 12-galion 


container will hold helium as a liquid for 


almost o year 
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What are the important properties of superconductors? It 
has been found experimentally that to every temperature be- temperatures withit 
low the transition temperature there corresponds a value of during the 
the magnetic field that destroys superconductivity, i.e., causes a temperature 1 
restoration of the normal resistance. In Fig. 4 is sketched the absolute zero, a range 
critical field, temperature relation for a number of super passed nature by a han 
7 


conductors. temperature (close to 4 ( .) for superconducti 


From the standpoint of certain possible applications, for far observed is for the intermetallic compound Nb 
example, as resistance-less winding in transformers, it is unfor search for high transitior | 
tunate that nature has imposed these limitations of magnetic important clues to the undet 
field. From lig. 4 it is seen that, as far as is now known, the well as bring practh al ipp 
maximum field in which superconductivity can be maintained tinuing apace 
in a pure metal is 2600 oersteds in the case of niobium Thus far, only certain | 
al 


touched 


The magnetic properties of a superconductor, like the ele conductors have been 
trical ones, are unique. From electromagnetic theory one consider the low-temperature res 
would predict that once a material is in the superconducting search Laboratories on supe | 
state, a magnetic field could not enter the bulk of the material, perature phenomena 
for in a thin layer at the surface of the perfect conductor 
would be induced shielding currents by any applied external Low-Temperature 
field. What would be predicted is shown in Fig. 5a Specific Heats of Norma 

As long as the critical field, H,., is not exceeded, the magnet temperature dependence of 


ic induction within the material would be expected to remain stances provides an importa 
thou t to tab ui ti l energy 


| 
fundamental 


zero. If, however, H, is exceeded and the field is then reduced nature. Thus, metals are 
below H,, it would be expected that the induction B= H,, ob by exciting to higher energy two p ically different 


taining in the material when it again becomes superconduct systems, the system of atomic ions or ce and the 


ing, would remain ‘‘frozen” in. Experimentally, in fact, an ystem of electrons. Accordil 
entirely new phenomenon is observed; namely, the magnetic temperatures—temperature 


induction of a superconductor is zero and is independent of its lattice specific heat should \ 


magnetic history. This perfect diamagnetism is a totally un ture (T*) while that of 1 


expected property, and, like the absence of electrical re r. The most convincing exper 
sistance, remains unexplained to this day temperature dependencies v 


Of course, an immediate question arises, “Do we really group in the Research Laborator 
mean that a superconductor has zero resistance?”’ Experimen per, silver, and gold. Thus, f 
tally such resistance as may remain can be shown to be no upport the theoretical concep 
greater than a certain amount, that is, only an upper limit to In the case of supercondu 
the resistance can be established. But the upper limit that ha very unsatisfactory and so thi 
been established is very low; below the transition temperature the temperature dependence 
the resistance of a superconductor is no more than 110°" trons, for example, is of the gre 
of its value at room temperature. the direction in which further 


\ very low upper limit can be demonstrated quite easily. A ceed. Up to very recently, a 


ring is made of the material and cooled below the transition dicated a T* dependence for 


temperature. Physically, the ring may be very similar to a uperconductor as well as for 
wedding ring. The ring is exposed to a magnetic field in exces experiments on vanadiun 


of the critical field at that temperature, and then the field i covery at the Research Lab 
reduced to zero. As a result, thousands of amperes may be cific heat of a superconduct 


caused to flow in the ring, and, judged from its magnetic ef perature (1.€., Coy = de 


fects, this huge current continues to flow for days with no result has revived theoreti 


measurable diminution. electron energy spectrum of 


How prevalent is this property, which if it could be applied hidden yap between the 
commercially, would revolutionize the electrical industry? excited state 
More than twenty elements and a large number of intermeta This work has estab 
ic compounds become superconductors. Curiously enoug! liquid-helium temperature 
the best conductors, copper and silver. are not among them ‘ Kperimental technique 


In fact,a useful trick employed by low temperature physicist periments ¢ in be gained 
is to copper-plate superconductors when one turn of uperco! ni 
ducting wire must be insulated electrically from another! At hundredths of 

temperatures near absolute zero copper of the best purit could be 


curre 


available has a resistance only one thousandth of its room 
temperature value. Thus, its efficacy as an electric 

lating coating is based not on its absolute res 

quite low, but rather on its resistance relat) 

superconductor it insulates. in amount 
rhe element with the highest transition temperature idredths of 


‘ 


11 degrees K) is technetium; another element with a higl further elaborat 


lon 


transition temperature is lead (7.2 degrees K). Other n work at temperature 
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with energy np iso 1/15 of t t ‘ extremely pure helium gas required for 

tioned above studies it yaseous electronics, as well as in 
The methods deve oped alread the production of silicon crystals having 

doubted wi continue to upp mpor j a minimum of structural defe ts 

tant contributions to our understanding ol 

the nature of normal conductor und of Conclusion 


iperconauctor 


| Up to the present time the rich store 


uperconducting Materia During the of low-temperature phenomena has been 








last year a program was established to de 


| virtually untapped with respect to com 





termine the conditions that must be f 





mercial applications. While it is not im 

















filled if a substance element, compound possible that low-te mperature techniques 
or allo is to become iperconducting will one day be applied to heavy electri 
Phis study involves (a) surve of meta cal equipment, the first applications will 
compound and alloys in order to evalu probably come In spec ialized fields of in 





ate the full range of crystal structures and strumentation, such as in automation and 


4 ntaterial that become upercon Here Dr. John Hulm of the low-tem- in computers Here is the promise ol 








ducting and (b) more detailed work on perature laboratory prepares a dem- yreatly decreasing the size of compli 
normal! electronic propertie nT is elec onstration of superconductivity. The cated equipment by the use of new types 
trical realativits pecific heat sauuutl, container is double-walled; the inner of tiny computer elements 
, . portion contains liquid helium, the , 

uscepubilit etc. of known uper ondue outer, liquid nitrogen. For the dem- One example of the use of low-te mpera 
tors in an effort to establish correlations onstration a ring of superconducting ture phenomena In spe ial areas of instru 
hetween these propertic and the occur material is immersed in the helium, menation is the superconducting bolom 
rence ol uperconduc tivity The lirst part and intoien applied After removal of eter The superconduc ting bolometer lS 

the power source, current continues ‘ ; 

ol the program has resulted in the disco a device used as a detector of radiant 
er ol a number of nev upercol ducting energy \ typical bolometer has a mini 
elements and compound mum detectable energy in a single flash of 2 10~° erg or, in 

High-Pressure Physics al Low Temperature experiment inits more familiar to the electrical industry, 6X 10 kilo 
are in progre on the ettect of pre ure on the properties ol Vatt hou! The superconduc ting bolometer can be used as 
normal conductors and of uperconductor Pressure ip to i ilpha-particle detector that not only counts the parti les, 
50 000 pounds per quare inch are applied at helium temper but es an indication of their energy as well 
atures to change the distances between atoms. This provide \nother example of instrumentation using low-temperature 
an opportunity to investigate experimentally the w technique to be found in liquid-helium and liquid-hydrogen 
which various properties of metals depend on interator bubble chambers. Superheated liquid helium and liquid hy 
tance which 18 a crucial test of anv theor' rove e been found to be very sensitive bubble chambers, 

ldectrical Conductivity of Metals as a Function of Freque y tracks when exposed to ionizing radiation in a manner 

| Kper mental and theoretical study have heen underv Lovo to that ol the more familiar cloud chambers 
on the conduct ity of copper a i] other metals at low te Der The pe ibility of usetul applications of low temperature 
atures over a wide range of frequenci 10 to 10% ¢ ‘ el enome among the less subtle reasons for the interest of 
econd at one end of the spectrum and optical and infrares the electrical industry in this field. By now the unity and in 
lrequenci it the other end. The e experiments allow tests ol terdep ence of various fields of the physical sciences ar 
the microscopic behavior of electrons under varying con v¢ ypreciated. Research in a pioneer field like low temper 
tio 4 free paths and of spat iriation of the elects ture pl necessarily is of value not only to the specialist 
mayvnetic tield in the metal nti field but also to those working in related fields The 

VU agne Su ceplibi ite r Solid krom tude ol the nteractio ot scientist both within a given laboratory and 
temperature dey ndence ot the magnetic su ceptibi itv ola throu ormal channels of exchange of scientific informa 
| itor nh phosphor it ha been po ible to explain w om tio ire ¢ ential to rapid and continuing progress of science 
activator inacry tal can produ eso many different color I | the manner olf the science-fiction writer, predictions 
pend rupon the method of preparation This has been done could be made here of the marvelous innovations that will re 
by deducing from the magnetic measurements the severa ilt from research in a field which already has revealed sucl 
Wa n which the activator can reside in the crystal and ice tartling electrical and magnetic phenomena. This will be left 
tilvil i particular color with each form. Studies of t! Lyi to the imagination of the reader; the history of science ndi 
n eventually make it pos ble to predict the properti ol tes that the actual developments coming from research in 
a phosphor before making it. These studies of feeble magnet pioneer fields generally dwart the predictions made by the 
properti have been extended to metals to test further out most tuturisti1 crystal-ball gazer 
understanding of the electronn properties of meta The era of large-scale use of low temperature sin industry 

Other experiments Involving Low-Temperature Technique is already arrived. In specialized fields, as in gas separation 
Low temperature technique nave proved valuable in the Re nad iquelaction the applications have been in effect for 
earch Laboratories to various groups whose interests are not many years. Large-scale low-temperature techniques have 
primarily in the low-temperature field. These technique ive layed an essential role in thermo-nuclear developments 
made possible a number of experimental programs de ined to Special containers whose temperature can be maintained 
elucidate important semiconductor properties. In the field of within a few degrees of absolute zero for hundreds of days 
metallurgy, investigations of the strength of metals and the ive been developed at the Westinghouse Research Labora 
nature of fracture at low temperatures are adding to our fu tories and are universally used. Just when low-temperature 
damental knowledge of the properties of metal Low-tempe! techniques wil be used on a commercial scale by the ele 
ature techniques have also proved useful in the preparation ot trical industry is in the hands of its scientists and engineers. 
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Product Design 
by Digital 


Computers 


Man has yet to devise a machine that can do creative thinking. But almost as 
helpful are the modern automatons that can be instructed to do an ordered ar- 
rangement of simple problems in arithmetic and make decisions of logic, at 
many times the speed of the human brain. These modern, high-speed comput- 


ers are increasing the “thinking capacity” of today’s design engineer manyfold 


design that require l 1s Their appli ition 


ty ol groundwork before cle 
At the same time, tremendou Although small- and n 


improvements will be made in the quality of the product have been used for year 


NDUSTRIAL and consumer product 


days, weeks, or even months to complete may oon 


designed in a matter of minutes 


he savings in engineering man-hours and the quality im vt affect established 
provements will be made possible by the introduction of anual methods. Digital ce 
modern high-speed digital computers into the design worl sical characteri 

These computers have proved themselves invaluable lor instance 
design problem to which they have been applied he computer was use 
promise of completely face-lifting many e rotating system 
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desig ; of the limited storage capa 


computer ind their inability to make 1Ovica 
components of a particular design could only be 


zed one at a time. While this computer-manual 


produced 


a better-engineered product, the basi 


nods were not appreciabl) affected 


he modern high-powered digital computer, by 


its extremely high speed and practically unlimited storage 


capacity, 1s causing a major change in the present desig 


method Phe complete design of a product, from customer 


i 
specifications to shop manufacturing information could be 
performed by computer The computer would calculate 
many variations of the same cde ign and select the best from 
the tandpoint ol periormance, cost, ete Alternate proposals 
for customer quotations could be obtained quickly. All of 
these would result in a shorter delivery time for a better 


engineered product, at a lower cost 


Programming 

Before a digital computer is capable of designing equip 
ment, the design engineer and a computer consultant must 
convert the design methods and associated data to a form 
that the machine can accept. This conversion process 1s called 
programming. In general, a digital computer designs equip 
ment using the same design philosophy as that followed by 
an experienced engineer. Starting with the customer peci 
fications, a set of initial input parameters are calculated by 
means of empirical formulas based on previous models. These 
parameters are used in the design method to determine a set 
ol po rlormance characteristics. The calculated characteristic 
are compared with performance characteristics specified by 
the customer and manufacturing codes. If the calculated 
characteristics fail to meet the guarantees, the input para 
meters are modified and the process repeated 

In organizing the design method and associated data for 
the computer, the design engineer and programmer must 
develop a tlow chart and a complete step-by-step mathema 
tical outline of the method. The tlow chart is a graphica 
representation in block form of the design procedure. First, a 
general block flow chart is constructed that illustrate 
major accompli hments of the computer program ind al 
iterative loop then a block tlow chart for each major ac 
complishment is constructed that graphically represents every 
operation and logical decision described in the mathematica! 
outline. The step-by-step mathematical outline must contain 
the mathematical relationships of all equations, curves, et 
to be used in the design method. Also, the designer must 
record in logical sequence all the decisions made during the 
course of a design. Fulfilling this last requirement is no simple 
matter. The design engineer must rely on all his ingenuity 
and design intuition to develop a set of rules for modifying 
the input parameters whenever certain calculated perform 
ance characteristics fail to meet the guarantee sJased on 
peciice pertormance-guarantec disagreement pattern, the 
designer must determine which input parameter to change 
and in which direction. This requires an extensive study olf 
the design process, but is essential if the computer is to design 
i product over the entire range ol possible product rating 

The programmer uses the flow chart and mathematica! 
outline to convert the mathematical relationships and logica 
decisions of the design method into the basic machine opera 
tions. Actually, a high-powered digital computer is only capa 
ble of performing simple logical and arithmetical eperations 
Its tremendous advantage stems from its ability to jx riorm 


these simple operation: at incredible s weeds Hence compiler 
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lengthy mathematical equations that are expressible in terms 
of the basic arithmetical operations—addition, subtraction, 
multiplication, and division—can be solved in a reasonable 
ength of time 
After the program has been written for all the design 
equations and their associated logical decisions, this informa- 
tion 1s read into the computer 
ally, any high-powered computer consists of four 
main components: input, output, storage, and arithmetic 
inits. Information can be read into the computer on paper 
tapes, punched cards, or magnetic tapes. Results of a compu- 
tation can be obtained from the computer on paper tapes, 
punched cards, magnetic tapes, a cathode ray tube screen, or 
printed on paper. Data and instructions can be stored in the 
computer in magnetic cores, on magneth drums, or magnetic 
tapes. Because of the high speed with which information 
can be read to and from the magnetic-core storage, it 1s used 
in conjunction with the arithmetic unit. Programs are stored 
in block form on the magnetic drums and tapes and are read 


A 


(b) 


ENTER SUBROUTINE 


A digital computer can add, subtract, multi- 
ply, divide, and perform certain logical opera- 
tions. Hence, any problem given the computer 
must be submitted in terms of these operations. 
Taking the square root of a number is typical of 
mathematical operations that must be reduced 
to the basic computer language. Once this 
operation is programmed, it is stored in some 





portion of the computer memory for future use. 
The square root of A may be obtained by the 


convergent iterative equation, 


VA Nia = 4 (N, 


TO NEXT INSTRUCTION 
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strated in Fig. 1 (b). Blocks 1 through 7 are 
operations of basic arithmetic, while block 8 is 
a decision (logic) element. If the results of the 
calculations of block 7 are not equal to zero, 
the computer returns to block 1 and repeats the 
sequence of operations. The computer goes to 
the next instruction when the subroutine result 


in this form into the magnetic-core storages whenever the 
computer is required to execute that particular program. 
High-speed storage registers, instruction register, multiplier 
quotient register, and the accumulator combine to form the 
arithmetic unit. The high-speed storage registers hold the 
information involved in the current calculations. The multi 
plier-quotient register contains the multiplier in any multi- 
plication operation and is the register in which the quotient is 
developed during a division. The instruction register contains 
directions for the computer operation. The instructions are 
stored in sequential storage locations and are executed in the 
same fashion. The accumulator is an adding register in which 
the sum or difference of any two numbers can be obtained. It 
is also used to hold the dividend in division. 

A modern high-powered digital computer is capable of per 
forming over eighty simple arithmetic and logical operations 
Each mathematical expression in every design equation must 
be reduced to these simple operations. If the mathematical 
expression involved is not included in the existing computer 


Fig. 1—Subroutine for calculating VA on a digital computer. 





where N, is the i" approximation to \/ A, and 
N,,, is the i+-1™ approximation to \ ‘A. The ‘ 
equation is repeated until N,,, —N, = 0. 

In the flow diagram of a machine-design 
process, the square-root operation will appear 
as Fig. 1 (a). This same subroutine is expanded 


to the form illu- 





" 
id eatin cal 





is equal to zero. 
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operations, it too must be further reduced. Certain mathe- 
matical expressions that fall into this category can be ex- 
pressed In relationships involving only basic machine opera 
tions. For example, the design equation might require the 
square root of some number, say A. This expression is not 
included in the basic machine operations. However, it can 
alternately be expressed by the convergent iterative equation, 


V A—> Nit l6(N\+A/N 


in which every operation in the equation is included in the ma 
chine operations. When this set of operations has been pro 
grammed, it is usually stored in some portion of the computer 
memory. Henceforth, whenever thi same expression 18 re 
quired, use may be made of the exi ting program Such a 
program is called a subroutine 

The square-root subroutine ee box at left) will clarify 
the meaning of the flow chart and the functions a programmer 
must perform to reduce a mathematical operation to the basi 
machine operations 

While digital computers can execute a program in a matter 
of minutes, programming is sometimes a tremendous task 
Once written, however, programs can be used for years with 
occasional revision 


Digital-Computer Design of Transformers and Motors 

Large standard-line core-form transformers and induction 
motors are currently designed by digital computers. Tran 
formers have been designed over a range of 750 to 20 000 kva, 
with basic impulse levels up to 350 kv. Induction motors have 
been designed with ratings from 200 to 2000 hp, at line volt 
ages up to 6900 volts 


Transformer Design—The digital computer designs tran 
formers using the same philosophy as that followed by an ex 


perienced engineer. Once the input information, such as kva 
rating, basic impulse level, temperature rise, ete., has been 
entered into the machine, the computer initially selects ot 
assumes certain design parameters necessary to calculate per 
formance characteristics. These characteristics are then com 
pared with the Sper ified guarantee If calculated values ey 
ceed those guaranteed, the initial assumptions are revised and 
the process repeated until a favorable design is produced 

\ total of 16 subroutines are used by the computer to de 
sign a transformer. Their relative operational position in the 


computer program is Ulustrated by the transformer flow 
| ¥ 


diagram (Fig. 2). The first subroutine includes all items gener 
ally specified by the customer, such as maximum temperature 
rise, winding connections, Impulse level etc. Subroutine 
two through ten deal with design parameters, which are the 


quantities to be varied in order to produce an acceptable 
design. Subroutines 11 through 14 re present the test criterion 
based on the specified guarante Subroutine 15 calculate 
the type and amount of external cooling equipment required to 
maintain the operating temperature of the transformer below 
the allowable maximum. Subroutine 16 calculates the weight 
and cost of the transformer 

Phe computer begins a transformer design by first selecting 
a core size by means of empirical formulae based on kva 
ratings and the basic impulse level. High- and low-voltage 
windings are selected to complete the initial transformer de 
sign (subroutines 1 through 10, Fig. 2). The design is next 
checked for impulse strength (step 11 in Fig. 2). If the initial 
design fails to meet the impulse-strength criterion, corrective 
changes are made in the proper design parameter and the test 
applied again, The operation is repeated until the impulse 


strength criterion is satisfied. The iron and copper losses are 
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_ 


INITIAL DATA 

then calculated. The maximum allowable iron loss for a given 
core size can be obtained by programming to obtain the 
maximum allowable induction. The copper loss is varied by 


CORE SIZE increasing or decreasing the size of the wire in the proper 


nN 


winding. When these two results satisfy the guarantees, the 
impedance is calculated (subroutine 14). If the calculated 
impedance does not correspond to the guarantee, the physica! 
proportions of the existing design may be changed or a new 


core ze selected. The latter alternative means that an en 


PS 
~~ 


% 


H-V TEMP GRAD 


mh Baad 


oe a Le, 
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WINDING TURNS 


Ww 


INDUCTION 
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H-V SECTIONS 


























8 AXIAL LENGTH 


L-V COPPER 


OU DETAILS 


Typical power transformer that has been  pro- 
grammed for automatic design by digital computers. 


-— emnaentall d tirely new design must be made. After the proper impedance 
has been obtained, cooling, weight, and cost are calculated to 
complete the transformer design 

Induction-Motor Design—Thus far, only large standard- 
line induction motors are being designed by computers. This 
line consists of a discrete number of frame sizes that have 
definite stator and rotor diameters, slot dimensions, air gaps, 
etc. Again the trial-and-error process is employed. The com- 
os puter first determines an initial D*L value from an empirical] 
3 ct tenet equation based on horsepower and pull-out torque. (Diameter 
squared times length is an arbitrary design parameter used to 
obtain a first approximation of machine size.) The computer 
assumes a diameter starting with the smallest frame size, and 
obtains a length based on the calculated D*L. If the deter- 


mined length lies outside the range or lengths specified on 


that particular frame size, the next frame diameter is selected 
and the process repeated. When an acceptable rotor length is 
obtained, the temperature rise of the rotor during starting is 


Fig. 2 Flow diagram for de- 
calculated. This determines if sufficient slot volume exists to 


signing power transformers. ey CASE COOLING 
prevent the damper bars from overheating during starting 
Ihe length is increased by small increments until sufficient 
4? 
WESTINGHOUSE ENGINEER 





volume is obtained. With a suitable diameter and length 
established, the associated machine constants (such 
iron depth below rotor and stator slots, the iron area between 
adjacent rotor and stator teeth, etc.) are calculated for use in 
the various performance equations. At this point, a flux 
density is calculated by equating one of the performance 
equations to its guarantee. This density is then substituted 
into the remaining performance equations to determine the 
remaining characteristic of the particular motor. If the cal 
culated density when substituted into the remaining equations 
fails to produce a result that meets the required guarantees, a 
new flux density is obtained and the calculation repeated. If 
there exists any one density or set of densities that satisfies all 
the performance guarantees, an acceptable design results. If 


no density satisfies all the performance criterion, the length is 


increased and the process repeated. When a suitable density 


This card-program-calculator installation is typical of the increasing 
use of computers in engineering departments. This computer is directed 
by information from punched cards as they are read into the machine. 


is established, a winding is selected that will produce the 
required density at the proper line voltap 


Digital Computers and the Future 


Ihe number of digital computer applications and their en 
suing advantages are almost infinite. Present computer aux 
iliary equipment now in use or being planned supplies a hint 
of the future potential of these devices 

rhe first step toward remote control of computers has al 
By means of a transceiver and existing 
located at 


ready been taken 


telephone circuits, information from cards one 


location can be punched onto duplicate cards at the computer 
site. These duplicate cards supply the computer with informa 
tion, and the results are punched on another set of card 


Information is in turn relayed back to the originating station 


Even the card handling involved in the computer area may 


soon be eliminated by switching control of the computer to 


the distant transceiver station 


Through standardization of computer ts 


componen 


computer may soon be able to control the operation ol 


several other computers For ¢ xampie, output data from one 


computer could be supplied as input data to a se 


The sf 


ond com 


puter through interconnecting circuits computer 
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as the 


icertall 


may instruct the second to perforn 


received data and return its calculated o 


This particular feature would create tremend: 


for integrated computer systems 


Consider the possibi ity, remote 


production 


digital computers for contro 


in many industrial plants throughout t } 1. The produ 


tion schedule of every item to be manufactured and assembled 


tored in the memor ol 


in any plant could be calculated and 
When the time 


facturing cycle of any particular 


the computer 


matically issues purchase orders for the require 
When the material is delivered, the computer 


j 
voived 


necessary work slips to the section or sections 


manufacture of the item. If, for any reason, a work 


LOp page 


occurs in the system, this information is communicated to the 


The data processing machine is another computer 
Phis 
2000 ten-digit words 


now employed for engineering design work 


machine has a “memory” for 


computer and a new schedu 
Loading of the various shoy 


readily available from the 


Conclusion 
i ompu 
ts. B 


nbe: 


In product design, digit 
time and manufacturing co 
puters, extensive studies ¢ 


characteristics, under the ir 
parameters, in a reasonable let 
on a new line of product Cal 
computers to determine the be 
parameters to be used 

Beside 


puters are producing a marked 


creating Saving 


fession. By removing burde 
the design engineer, cot! 

being spent developing nev 
yineers are able to do mort 
computers are helping to 


by relieving the existing ¢ 


tion 


In the near future 


apabilitie Wil be mat 
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LINE UNIT 


Fig. 1—Three testing transformers connected in cascade arrange- 
ment. The intermediate and line units are placed on insulating 
stands to provide the necessary insulation from case to ground. 


IGH-VOLTAGE TESTING is an essential ingredient of the 
electrical industry. Both college and industrial labora- 
tories require low-frequency, high voltage for research in 
dielectric materials, and for insulation testing of electrical 
components, Also, nearly every type of electrical equipment, 
from the smallest relay to the largest transformer, as well as 
components such as bushings and insulated cables, must be 
tested at high potential by the manufacturer to assure satis 
factory operation, The stationary testing transformer, which 
produces voltages ranging from 50 kv to 1000 kv or more, 
plays a key role in all of these tests 

As the kva output and voltage class of electrical apparatus 
increases, so must the voltage output and current capacity 
of testing-transformer facilities. Careful attention should be 
given to many factors in establishing new facilities or increas 


ing the capabilities of existing equipment. 


General Considerations 
The dielectric strength of insulating materials varies greatly 
with the rate of application of the voltage; that is, the more 
rapid the increase in voltage, the higher the breakdown volt- 
age. The a-c testing transformer is primarily a device for 
applying voltage at a uniform specified rate; it permits the 
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voltage to be held at any point for as long a period of time 
as required, or until failure of the specimen occurs. Thus the 
various tests for assembled apparatus, devised by the Ameri- 
can Standards Association, can be readily performed, as can 
the tests for dielectric strength of materials established by 
the American Society for Testing Materials. These tests range 
in scope from short-duration tests, in which the voltage is 
increased rapidly at a specified rate, and one-minute tests at 
specified voltages, to endurance tests in which a given voltage 
is often held for hours. 

One important advantage of low-frequency testing is that 
in many cases the behavior of the specimen under stress can 
be observed. This is in contrast to the rapidly applied voitage 
from a surge-voltage generator, which has a very rapid rate 
of voltage rise and a somewhat less rapid rate of decay, and 
does not permit much observation. Each, however, has a par- 
ticular function in both research and commercial testing. 

The stationary testing transformer set for a particular 
application consists of a single transformer, or two or more 
connected in cascade. If the required voltage is in excess of 
350 kv, several units are usually connected in a manner sim- 
ilar to Fig. 1, which shows three units in cascade arrange- 
ment. The ground and intermediate units are each essentially 
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Induction regulator ] ” (oul mou 






Testing transformer, primary and 


secondary windings 










Voltmeter winding on lesting transformer core 






Compensating coil mounted inside case of 





lesting transformer l' ” 









A schematic diagram of a typical single-unit test set. An induction regulator is used for control 


Fig. 2 















Set or a step-tvpe ( 7 e rela ve merit 


yenerator | 


















ol each type of control ire isseqd te! 
3 Since the power supply tor test transformers 18 prac 
i . 6 Vv tically never obtained direct iro exposed circuit the 
4 problem of applying in ulat teria based o tandard 
ized impulse levels does not ¢ t to the same extent as for 
, U power transformer desigt ( rope quantit Lyy. ind 
9 - location of the dielectric mater between windit ind be 
5 tween windings and ground based primarily on the crest 
value of the low-frequen Owe! tave, bearing in mind 
that during normal use the transformer may be subjected to 
an almost'unlimited number of tla ers to ground at value 
up to full rated voltage All chelectric material must also be 
tressed well below corona leve o that radio interference 
. is kept to a minimum 
\ fact not generally realized { test transformer 
two transformers on the same core, consisting of a parallel rated 350 kv to ground is comparable to a three-phase, wye 
supply winding (1-2), an exciting winding (3), and a main connected, grounded-neutra tem of 606 ky e to tine 
high-voltage winding (4). The electrical centers of windings insofar as voltage above ground is concerned (see Fig. 3 
(2-3) and (1-4) are balanced so that power transfer between his is far in excess of the voltage 
these windings is accomplished without axial unbalance ol any transmission system cul 
Since each unit is grounded to its own case, the interme rently in operation. However, | 
diate and line units are placed on insulating stands of the the impulse voltage and_ the vem 
required height to provide the necessary insulation from their namic transient voltages are er A 





respective cases to ground. than those on a 606-kv exposed 





When the voltage output must be increased in an installa system. The power voltage leve 





tion consisting, say, of a single transformer, one or mor then is the principal considera 








in applying internal insulat 





cascaded transformers with exciting windings can be added 











using the existing unit, on an insulating stand, as the line the condenser bushing ee NN 
unit. The kva rating of the control circuit must at the same a = \ 
time be increased in proportion to the amount of added trans \ 





former capacity. This scheme provides a flexible means of 





increasing the voltage output, utilizing much present equip 





ment, as the need for higher voltages occurs Fig. 3—Atesting transformer 





Che diagram for a typical single-unit test set using an in rated 350 kv to ground is 





arable P € a 
duction regulator for control is shown in Fig. 2. Note that comparable to a three-phase 





wye-connes ted grounded 






. > at} il ( : ‘ > ce > the 
the compensating coil (4) is placed in series with both the ontetdilh uae al alti 





secondary winding and the voltmeter winding so that the line to line, as far as voltage 





current will be the same through each. In this manner, the above ground is concerned 






compensating coil maintains a fairly accurate and constant 





ratio between the voltmeter winding and transformer secon 





dary winding at all load values, regardless of whether the 





current is leading or lagging the output voltage. The film 










cutout (5) has a two-fold function. First, it protects t 





hi 4 Thi ill trat 
operator in case the ground on the metering circuit is lost B 2 vpn 





graded insulation on a test 





and second, it permits an ammeter to be placed in the ground ing transformer. Insulation 





end for spot checks on the magnitude of the load current clearances to ground and to 


d 





other windings must be in 





The switch (8) is normally closed except when current rea 





ings are required. proportion so that the di 





electricstrength atany point 





Many variations or modifications of this basic circuit can 
7 in the winding is greater 






be used depending on the nature of the tests. For example, a state the diatactele teas 






crest voltmeter can be added for measuring the crest or mas 


mum of the output voltage wave, where this data is needed 





Also, the induction regulator can be replaced by a motor 
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4 step-type induction regulators 


used primarily for research testing, or if 


ige must approach a pure sine wave, a motor 
ould be the source of supply voltage. How 
in most all cases has a higher initial cost than 
» forms of contro 
r, a small distortion in the output voltage wave 
permissible and a supply voltage having little devia- 
ine wave is available, an induction regulator 
idequate and satisfactory control for output volt 
igh 250 ky 
age ratings bevond 250 ky, either a step-type 
ilator or a motor-generator set should be used 
tep-type induction regulator is a tap-changing-under 
e, with a small induction regulator bridging each 


to insure a smooth response from 0 to 100 percent 


auabilily and Accessibility of S pace Limited space often 


An installation of three cascaded testing transformers 
j 


indicap in selecting the proper set, since higt 
ng transformers require large air clearances to 
ince one end of the secondary winding, as shown in Fig xisting ructural parts of the building. If floor space is 
always grounded through a film cutout or other prote: nited and headroom ample, a single unit of the required 
tive device, no insulation problem exists at this point; but ( , most suitable. If, on the other hand, headroom is 
from here, through the winding, toward the other end cor ! and floor space ample, two or more units cascade 
nected to the test specimen, the voltage above ground i mn or the required output voltage are more suitable 
at a fairly constant rate, reaching a maximum at eC IA true if accessibility to the desired location 
extreme end of the winding Likewise the insulation cleat I ] pect to hallway existing doors, or maximum 
ances to ground and to other windings must be in proportio NEI hat can be handled with existing equipment 


© that the dielectric strength at any point in the winding ' iscading of two or more units may also have 


yreater than the dielectric st at that point This met | i lvant f e upper voltage range of the set is used at 
of insulation apply ition is commoni\ alled graded nsula juent i rva The top unit or units can be discor 
tion, and is illustrated in Fig. 4 I d at the terminals of the ground unit, and the ground 
is a single transformer, thereby effecting a 
Application Considerations wing f the units disconnected. This is especia 
Many factors are involved in p inning the installation of ful if power purchased trom al outside source 
new hig! oltage test set. These include 1 present and Tal on, one unit can sometimes be removed for ser 
future voltage and current-capacity requirement ) till maintaining limited testing facil 
ape upply 4 typ of control: (4 pace available and acces t itl naining unit 
ibility to available space; (5) flexibility desired; and (6 allation Cost Many factors enter into the 
initial installation cost All these factors must be evaluated i LLIoOn ost ol a high voltage test set since it 


Voltage and Current-Capacily Requirement Phe rapidit col f many component parts. The equipment in Fig. 2 


with which electrical progress moves should be carefully co1 ts the minimum for either commercial or laborator 
idered in planning the present and future voltage and cur ng ni ition, espe¢ ially for laboratory testing, a sphere 
rent requirements. Higher application voltages, for exampl gap and a crest voltmeter are almost essential 
mean higher voltage testing facilities, for such things a Here again, the multi-unit set connected in cascade has 
cable, as well as for assembled apparatus such as transformer decided advantages. For example, two 250-kv units with a1 
Much the same consideration must be given current capac output voltage of 500 kv can be purchased for less than half 
ity, except that here it is the maximum charging current o the price of a single unit with the same output voltage. In 
the test apparatus for present and future needs that 1s cor iddition, the headroom required is considerably less than for 
cerned, Actually, current capacity is of more importance that ingle unit. These two advantages alone are sufficient 
maximum secondary voltage, since it is more expensive to nh o justify the use of multi-units in cascade for 
increas¢ All component part have a specifi rated current utput \ y in excess of 250 ky 
capacity, which usually necessitates complete replacement to 
yain increased capacity Conclusion 
Voltage Supply—This factor must be considered simulta ‘ installation all factors, such as present and future 
neously with present or future capacity requirements. First ' ye and current-capacity requirements, voltage supp 
© that the interrupting capacity of the circuit breaker cai pe of control, space available and accessibility to available 


be kept to an economical minimum, and second s that the 1K flexibility desired, and initial installation costs, should 
current the exciting windings of the ground and interme ! ‘ fully considered. For instance, it is essential that the 
diate unit if a cascade set is planned (Fig. 1), 1s sma ‘ control selected meets present requirements as we 
enough to insure minimum dielectric heating in the is the n the foreseeable future. Also, in planning initial 
denser bushing. This usually in be accomplished if the [ tions for voltages in excess of 250 kv, the economx 
current through the bushing kept to about 200 ampere ISper ind the flexible features of multi-unit cascade con 
as a Maximum value nected ould not be overlooked. If these factor 
Type of Control hree differen types ol control are ne property iluated in the beginning, all existing test appara 


used in most applications: (1) motor-generator sets in be tu ntegrated into a future expansion progran 
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Versatility is a key feature of this new 





























metals pilot plant. It is equipped for 
nearly every type of operation, in 


cluding development and production 


HEN you try to “scale up” the ingredients and processes us 
\\ making a laboratory sample of a metal alloy, you frequent rul 
into trouble. For one reason or many, the large batch often doesn’t have the same characteristics as the 


small sample. So you backtrack trying to find the reason. You change the processes slightly, jugyle the 





ingredients a little, and after a number of attempts, come up with a close approximation of the origina 
material. So now you have an ingot. But how will it react to forging and rolling? What heat treatment 
does it need, and what characteristics does the heat treatment produc e? These and many other (jue 

tions often must be answered before you are ready to use the new metal in the application for v by it _ 
was designed 


Gaining the answers to questions like these is one aim of a new Westinghouse metallurgica 


plant recently opened near Blairsville, Pa. One function of the new plant is to take metallurgical ce 
velopments produced by the Research Laboratories and find out how to produce them on a large scale 
Phis, however is not the only purpose of the new facility 

The new plant will also investigate and develop new processing methods. Because this kind of de 
velopment requires full-scale equipment and production processes, another function of the ne 


is to produce metal parts in quantity for Westinghouse divisions and for other companie 





The new plant is fully equipped for the development and production of many special wrought —_—__— 
and castings. For example, melting equipment can handle heats from 10 pounds to 5000. For precisio 
casting, there are automatic rocking electric furnaces; for shell molding, induction-heating equipm« 
is available. For air melting of magnetic alloys, non-magnetic high-strength alloys, and high-tempe: 
ture alloys, a 700-kw unit accommodates heats from 2000 to 5000 pounds; this unit produce 
from 500 to 5000 pounds 
To fully explore the possibilities of vacuum melting, a large furnace capable of handling 300-pou a Jf 


. . : ' - _ 
2000-pound heats is available; a smaller 50- to 200-pound vacuum furnace will be used for proce rf —— 


velopment. Versatile cold-hearth arc-melting facilities for producing high-purity alloys for jet ¢ é 
and nuclear-power generating equipment are also available a 


Forging equipment includes steam hammers ranging from 800 to 18 000 pounds capacity, a 300 
a 1000-ton forging press, and auxiliary equipment such as furnaces and grinding equipment. Also 
able are power hacksaws, automatic billet cut-off machines, lathes, and a vertical boring mi iy 
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This 18 000-pound forge hammer 
drops onto an ingot that is held in 
place by the manipulator (right). 


Left, in the foreground a pusher-type 
heat-treating furnace. Special 


smaller furnaces are in the background 


\ 











A 1000-hp, 350/700-rpm, 600-volt 
d-c motor drives this four-high 
hot strip mill; the mill has a 


top speed of 400 fpm. 
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Steps in the shell-molding process 
Metal from the furnace in the 
background is being poured in the 


molds assembled in pouring racks. 


Complete facilities for hot rolling of sheet. trip, bar, and 
rod are also available. A 2000-hp hot mill will handle ar 
thing from soft magnetic alloys to higl temperature metal 
and will roll an &-inch billet to as low as 0.05 inches and 
widths up to 20 inches. This is a four-high reversing mill, wit! 
coiler furnaces for continuous heating of strip during rolling 
A high speed four high bar rolling mill will also be installed 

A 1200-hp cold-rolling mill reduces strip from 0.20 inches to 
0.010 inches; it handles 3000-pound coils of strip 20 inches 


wide. lor thinner materials, a Steckel and a Sendzimir mill 
can produce foils of about 0.0005 inch thick. Shears, edgers 
upcoilers, descalers, slitting lines, and other auxiliary equip 
ment is provided. 

The new pilot plant has complete heat-treating facilitie 
including bell-type electric furnaces for annealing in hydrogen 
at temperatures up to 2000 degrees I’, and several different 
types ol gas fired furnaces. 

Both investment (lost wax) and shell-mold casting can be 
thoroughly explored in the new facility. Investment casting i 


Ihis is a view of the 40-ton powder 


metal compacting press. 
























primarily used to produce ed pat 
She molding, a newer te r ! bette 

irface tinishes and dime ( { bye , 
complished by sand cast to I CO cer 
able effort will be devoted the te olovy ol 
powder metallurgy 

Phe new metals plant is alre on, bot evelop 
ment and production of a wide rie f metal products, The 
assortment includes such t} rolled met teel strip 
jet-enygine blade cast com] ‘ lor everal elect ip 
plance and many other 

This versatile new plant ‘ ‘ eal eve type ol 
metal-processing equipme t I t meta 
are not a “design bloc} n the deve ent ol device 
By helping to develop proce techniques t cale-uy 
laboratory de velopme { | ( ert rese } 
edye to practical appli illo ( rtest possible time 

Qn the e pages, some ol the! es of the me thorator 


and pilot plant are owl 





Chis metallograph is useful in 






determining grain size or showing 





microscopic abnormalities 





Remotely Operat 


&. 


Pipeline Pumping 


Stations 


» 


A booster station operated by supervisory con- 
trol over microwave. From left to right are the 
outdoor substation, control building, micro- 
wave building and tower, and pump building 
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\ LTHOUGH the initial application of supervisory control to 
pipeline pumping was made 25 years ago, only recently 
have the costs of station attendance risen to a level where 
pipeliners have taken a lively interest in its possibilities. In- 
stallations have been made or equipment put into manufa 
ture the past four years for remote operation of at least 60 
electrically powered pumping stations on pipelines trans 
porting crude oil or refined petroleum products. An unprece 
dented number of future projects are under active study. Be 
cause of the relatively long distances between pipeline pump 
ing stations, economics dictate the use of supervisory control 
for remote operation to minimize channel requirements. 


Fundamentals of a Pipeline System 
A pipeline, in its simplest form, is a conduit with a means 
for causing flow of fluid from the initial to the terminal end; 
flow results from pressure developed by a pump at the initial 
end. In a crude-oil or product line each flow rate (for a given 
liquid and pipe size) requires application of a certain pressure 
per mile of pipe. The total pressure that must be developed by 
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the pump is the pressure 
length of pipe in miles, pli 
pressure corresponding t 
two ends of the line. Thu 
served by one pumping { 
flow rate, the difference 


limiting working pressure for 


Fig. 1 


stream station is limited to 1000 psi, booster stations (b) will dou 


If discharge pressure of a simple system (a) with one down- 


ble total impelling pressure. Remote stations can be operated by 


two-station links (c) or from a centralized dispatching ofhice (d) 


TERMINAL 


| 
| 





o LINE PRESSURE, PSI 


To accomplish long-di tance t portation ‘ 


line sections are installed in serie ection with @ pump 
ing Station at its initial end | 1 was delivered 
i tanh 


Modern practice 


Without ta 


from the terminal end of eac! from whi 
it was pumped into the next 
is to operate the section 
illustrated diagrammatical| 
Phe throughput of a line 
greater total impelling pre 
pressure at a pumping stat 
stress, additional throughput 
Ing stations at intermediate | 
Such booster stations ma 
allowable pipe pressure, Bo 
develop the same pressure 


in | ly Ib 


increased flow is the 


The total imp 


were all applied at the i 


dient having a steeper 


Remote Operation 
vo-Station Link — Most freque 
the two-station link Ov 


At left, control room of a large multiunit pump station. Pushbutton 
sequence control for seven lo« al units is provide d on the ce ntral 
control console. The diagram panel (at left) controls a booster 


station that is located 56 miles downstream by supervisory control 
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or 

IMULTI UNIT 
|STATION ¢ 
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MOTOR SURGE 
PROTECTION 


Equipment Arrangement of Remotely Controlled Station 


\1 i! ectrical diagram for a simple single 


own in | ig 2: the piping and Valve 


=} 


he same station is shown in Fig. 3 
own employs a main circuit breaker located 
tation bul ding and the hazardous area. Prin 
equipment is installed in a pressurized room of 
or safety tation ventilation is operable even 

breaker is open. By connecting the auxiliary 
mer on the supply side of the main breaker, this 


} 


” opened without interrupting service to the 
d pump-room fans, battery charger, and 
ation isolating valves and local residen 

served. All equipment supplied from 
’ auxiliary bus and located within the 

( xplosion prool 
ng auxiliaries are supplied through a segregat 
Pheir control equipment is installed in the pres 

trol room along with the main-pump control. The 

breaker arranged lor tripping simultaneously 

breaker in an emergency such as might cause 
ol-room atmosphere to become hazardous 

n breaker feeds the pump unit (or pump-unit bus) 

is equipped with relaying fer phase reversal, 

tilure, and overcurrent. A voltmeter and wattmeter 

power supply and load conditions. An operating 

transformer on the supply side of the breaker furnishes power 

for breaker closing, and a battery furnishes direct current for 

breaker tr pping Phe main breaker has connec ted to its load 

de the main pump-motor starting equipment, with surge 

protection capacitor and arrester 

In a single-unit station employing full-voltage starting of 

the main unit, the layout shown in Fig. 2 can be modified by 

combining the main-breaker function with the motor breaker, 

ESSENTIAL LIGHTING thereby eliminating a breaker. Some installations, particular- 

BATTERY CHARGER y new stations designed for unattended operation, have all 
@ on the control equipment installed in a single location, suff 


ROOM FAN ciently separated from the pumping equipment to be outside 


PUMP ROOM 
EXHAUSTER 


of the hazardous area. No hazard is introduced in the control 


Fig. 2—Single-line diagram for a single-unit pump station. 


NON ESSENTIAL 
LIGHTING AND — 
PUMP UNIT Fig. 3—Piping and valve arrangement for 


CONTROL single-unit pump station is shown below. 


COMPRESSOR 
Pump Suction Pressure Tap 


MAIN SUMP 
hy Pump Case Pressure Tap 


PUMP ROOM Pump Differential Pressure Taps 


HEATERS 
Pump Flow Taps to Orifice 

CONTROL 
ROOM 
HEATERS 


PUMP UNIT 
SUCTION 
VALVE 


Station Discharge Pressure Taps 


PUMP UNIT 
DISCHARGE 
VALVE 
SEAL 
LEAKAGE 
PUMP 




















room when its ventilation is inte rrupted, and the segregat 


breaker is omitted 


The main circuit breaker can be manua controlle 
either locally or remotely. If the breaker is tripped by a pro 


tective relay, it must be manually reclosed. A condition for 


closing the breaker is that power supply voltage and phase 


sequence be normal As an alternative, the breaker can be 


arranged for automatic reclosing for conditions other tha 


those resulting in lockout. 


Sequence Control of Pump Units 


When a pipeline pumping station is remotely operated 


automatic-sequence control system for the pump units mu 
be established That 1S, operating procedures lor Starting o1 
stopping a unit should be carried out in a prescribed order 

\ typical automatic starting sequence lor a simple singte 
unit pump station as shown in Fig. 21s 1) suction valve and 
pump-venting valve opened, and necessary ventilation equip 
ment started; (2 pump motor energized; and (3) discharge 
valve opened and pump venting valve « losed 

For stopping: 1 pump motor and its associated vent 
lation equipment de-energized; (2) discharge valve closed 
and (3) suction valve closed. 

rhere are individual variations from these procedure 
since many installations do not require venting, and other 
close the suction and discharge valves simultaneously whet 
stopping the unit. Ina remotely controlled station, the start 
ing sequence can be initiated by a start pushbutton at the 
remotely located controlling station or at the local station 
start. The stopping sequence can be initiated by remote and 


local stop pushbuttons, or by operation ol protective device 


Coordination with Hydraulic Control 
With constant-speed motors, which are ordinarily em 
ployed lor reasons ol simplic ity and ad iptability to hazardou 


Fig. 4—Typical 

»iping diagrams for ' 

papa Saagee: UPSTREAM BYPASS 

multiunit stations: i @ isotatinc CHECK 

minimized station se 2 VALVE VALVE 
aa 


piping and pressure 
drop (a) is 
commonly used 

for crude-oil lines; 





arrangement for 7) Fes 

product lines (b) 7 

maintains a minimum : 
aintains a NO | me NO 2 


of contamination. 


atmosphere, regulation of the station incremental pressure to 
suit line requirements is usually accomplished by some form 
of throttling valve in the station dis¢ harge, as shown 1n kig. 3 
Chis throttling valve is under pneumatic control by pressure 
regulating elements responsive to station suction and di 
charge pressures, and arranged to keep these pressures with) 
prescribed limits under varying line condition 

Stations having more than one unit usually employ pump 
connected in series with a single throttling valve on the dow 


stream side of the final pump, as shown In ig. 4. Shutdows 


in response to abnormal pressure is desirably sequential! 
will minimize hydraulic shock and keep as much of the station 
in operation as practical when shutdown of some of the 

would correct the abnormal pressure. Shutdown due to lov 


suction or high case pressure in the individua pump 
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complished in the ime ma ( ( t 

pressure switches installed le of ¢ t. at 

iret is reflected on the it ‘ i ( treat mperat 

init, this arrangement I ere r r " 

Ow the event of low ‘ e. H ‘ 
re ure ensed tha ( ‘ 
its in sequentia nutdow erse roe to it ft 
OW tation suction pre re ie to on 













discharge pressure must be ly nole re ire 
witch tapped to the dow eof the st thrott 
ilve (tap point 5 of | } 
it dow l unit in cr ( l { 
on high station discharge be 
& 





Pump-Station Protection 





vine | | rote 


In a erectric-equ 












tbnormal operation or equ ( but 
no typ of installation i ( ‘ rotective tem more 
important than in a pipe ( ti 1 ise of the 
nature of the medium tra ( parti ' true 
for remotely operated statio 

Protection for individual stat es a ra to the 
basic arrangement. In exist tallatio the selection of 
protective functions has bee based on ind dua ina 
Based on experience, protective functions can be assigned to 
four basic categorie whi ( elieved to be best for the 
typical unattended station 

Station shutdown should result from phase reversal o1 
i-c undervoltage. The mat t breaker opened, Whe 
voltage conditions are restored to rmal, the breaker is re 
closed either manually or automatica depending on the 
method of operation emplo ed. a i the indivi ual pump unit 
can then be restarted after eir su mand discharge valve 





have closed 










DOWNSTREAM UPSTREAM BYPA DOWNSTREAM 
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THROTTLING 8 VALVE VALVE THROTTLING 8 
VALVE . VALVE . 






4) 4 
u a 
n4 b = 58 a, 4 









» NO 3 NO NO 2? NO 





















S/ation lockout should re | el rre | ey 
indervoltage, low instrument r pre rm eve 

ump, or unsale atmosphet t mits ONY ‘ 
main breaker is opened a moKe be re yt 
when the lockout de ‘ I reset 

Unit shutdown consists of , Imp , 
uction and discharge i} ve thie ma er, TO 
tions for pump unit shutd ( ) ( é 
pump-case pressure yy ( I ( tor over 
ten perature pump Ls Ve ( ( t ( of ) ( 
irrent unbalance [hie | © re ( Iie f 
ition corrects itsell 

lini lockout no d ( ( 
plete tart y sequence ( ( ( ( 
erat re or ul ty ‘ ( | 








closed 
& lOCcKOU 
inctlion J I individual 


remotely eq Station the 


nnunciator the drop type 


Supervisory Control 


upervisory control operating over a single 


hannel perform the necessary operation providing 


information on the position ol apparatu and indications and 
alarms tor trouble condition 

Remote operation must be effective over relatively long 
distances ranging from approximately 20 miles to hundred 


of mile The necessary channels for operation of pipe-ling 


pumping stations can be provided by telegraphic-type tone 


operating over privately owned microwave or telephone-line 


carrier links. In addition, individual telegraphic-type channel 


can be leased, or a voice « hannel can be leased and the nece 


Supervisory-control equipment is generally installed with the 
motor-control equipment, and in new stations, 1s often made an 
integral part of the switch gear assembly, as shown here for a 


single-unit unattended pump station. The supervisory-control 


equipment is mounted on the rear panel of the left-hand unit 


iry number of telegraphic-type channels obtained b 
audio-tone generating and receiving equipment 

Phe equipment in a pumping station remotely operated by 

visory control must be arranged to provide the follow 

ing minimum control functions and indications of device po 
tion 1) start-stop sequence control of each pump unit 
indication of topped or running condition of pump motor 
and (3) indication of open, closed, and intermediate positio 
of the suction and discharge valves of all pump unit 

In addition, an indication of the position ot the mau 
breaker is desirable (also control of main breaker unle it} 
completely automatic), as well as indications of station loch 
out and individual pump unit lockout, A supervisory contro 
cutoff or transfer switch is desirable at the controlled station 
and the position of this switch is usually indicated at the 
controlling location. In some installations, control of the 
main sump pump is desirable. Unle completely automat 
means are provided, provision for remote adjustment of the 
control-poimt 


etting of the station dj charge pressure col 


trol nay be necessary. Where electrically operated isolat 


“ure emploved 


remote operation may be desirabls 
Rather than have the tarti y and topping ol pump u 
directly under the control of a remote operator, a combine 


remote manual and automatic arrangement Is sometimes pret 


54 


type of control the operator Can stop a 
time, but he can only prepare it for start 


irting and subsequent stopping is then de 


ine hydraulic conditions as sensed by pressure 
itchne 

considerations may prohibit individual indica- 

upervisory control for all of the protective-device 

operations. However, protective devices can be grouped in 
various combinations to provide a relatively small number 
of indications that will assist in determining the type of per- 
onnel to be dispatched to the controlled station when a lock- 
out is reported. A typical grouping of functions for common 
indications for a single-unit station could fall in the following 
power failure; (2) electric equipment failure; 

3) mechanical equipment failure; and (4) abnormal hydrau 


categorie ; ] 


ic conditions 

Supervisory control for pipeline pumping is usually ar 
ranged to provide the same type of operating procedures as 
required for local sequence control. The equipment is usually 
arranged so that the starting or stopping sequence for a pump 
Likewise, alarm 
amps for protective-device operation are usually arranged to 


unit can be initiated with a pushbutton 


remain lighted until the trouble contact has opened and a 
reset pushbutton operated. The lamp indications for the 
pump motors and suction and discharge valves are often 


ocated in a diagram of the main station piping. 


Telemetering 
Regard of the number of pump units in a remotely 
operated station, telemetered indications to the controlling 
ocation of the several hydraulic quantities is essential: (1 
uction pressure; (2) final pump discharge pres 


3) outbound line pressure if a throttling valve 


ng of flow may be desirable where flow condi 

ot uniform throughout the line, as may result from 

at intermediate points. While not essential for re 

mote operatio ol a pump Station, telemetering electrical! 

quantiti uch as watts and amperes for the pump motors 
ind volts for the station may be desirable 

lelemetering can be continuous with a separate channe 

or each indication, or the telemetered quantities can be in 

cated in consecutive order through some type of time 

vision multiplexing. Or, they can be selec tively obtained at 

he will of the dispatcher through the supervisory control 

equipment. Economics usually favor one of the latter ar 

rangement ilthough many compromises, with some cor 

tinuou ome selective or multiplexed telemetering, are 

both possible and practical 

Pulse-duration or frequency-type telemetering systems are 

Pulse-duration-type telemetering trans 

y actuated by the hydraulic quantity or 

output of a transducer. The frequency-type 

‘ transmitters can only be employed for hydraulic 

it through the use of transducers. The Irequency 

pe telemetering system prov ides faster rate of response but 

nels capable of handling higher keying speeds 

ty cannot be overe mphasized in the design of re 

A full complement of devices to 


oper ited Stations 


lraulic and electrical trouble conditions is all- 


Locally actuated 


ould result after a condition of trouble has been 


shutdown of the unit or station 


e ol these protec tive devices Remote ope ration 
hye employed when its functioning 1s ¢ oordinated 


ite protective system, 
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aid the Utility En 


Fig. 1 


of the system diagram that is being metered at the instrument desk 
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N THIS AGE ol computers, ol “mant brains’ with thousands cle pe ndent of the powe! t¢ reque most 
of electron tubes, the a-c network calculator continues to cycles, but ranges from 60 to 10 000 ( litte 
dominate its field of use, giving utility engineers the answers culator designs. All of the elem rf e! 
to many of their problems concerning present-day power yenerators, transformers, tra! 0 nes, and capac 
systems. Since its beginning twenty-six years ayo, this device are represented on the network calculator by source 
has been constantly improved to match the increasing com and combinations of resistors, reactors, and capacit 
plexity of the modern power system, and the ever-present various elements are mounted removable drawet 


demands to increase efficiency, reliability, and service. First controls and calibrations on front ( Thre yener 
ised by only the largest companies for their most pressing include four instruments to show taneou 
problems, this versatile aid to the power system engineer ha watts, and amperes and fa e generat 
increased in versatility and availability until it now useful The two terminals of each ie ré 
to all utilities and to some industrial power tem to cords and plugs, which are | ft out near 
vhere the power tem bye , re com ted ) { 
The Network Calculator Che instrument and recérd les] ( e he 
The a-c network calculator, also called a network analyzer network calculator, where cir ! ( ire ent ire 
or calculating board, is basically an electrical model of the recorded. The instrument de ree | ter t 
power system. Voltages, currents, and powers of the power voltmeter, ammeter, and rmeter—whicl 
system to be studied are scaled down proportionally so that connected to any circuit on the tor b eal 
few volts, amperes, and watts represent the electrical condi ing relay A selector te! trolled | () pus! 
tions on the most extensive utility system Percent or per unit operates any one of the! undre mete ( 
quantities on a common kva base are used for power, voltage the network conditions of the tf I to 
current, and impedance. For example, a common arrangement instruments. These are drive bilized electro 
employs 100 volts as 100-percent voltage, 100 ohms as 100 fiers to eliminate the load eff é network 
percent impedance, 100 watts as 100-percent power and 1 truments have five voltage r ( rre 
ampere as 100-percent current. The operating frequency, ir measure all network conditio rate Bot 
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The Westinghouse A-c network calculator at East Pittsburgh 
Ihe recording desk in the foreground puts a spot of light on the part 








titen 440 

rent i 
tem 
or 





ector quantitie pha ing ha ( orrect, au iatic equipment selects the next lower until 


nt can | isu | instrumet y ind that gives a deflection on the ammeter be 


comporme 
IM PO 
=e) 


yercent of fu cale and tI ra ira tv 14 and full scale. If the current either increases or de 
ome I rea fterwards, the equipment will move immediately to 
ower current range. Lighted instrument scale 
| decimal multiplier lights permit direct reading 

antities on a wide range of bases 
Reversing Switch—The reversing switch used 
j 


lmnmeqd 


il¢ | measurements a! Vil Va varmeter 1s one ol the most frequently operated 
produced b n f the many lam wits on t instrument desk. Although use of a zero-center 


e transparent top of the recording desl ment would eliminate the switch, this would cut the 

lulomatic Scale Selector—The operator no longer is f ct tle length in half and make reading more difficult 
worry about which ammeter range of the five available 1 { d iccurate. A better method has been found that elim 
be selected; this operation is now performed by an automat t | for the switch in over 90 percent of the opera 
When the circuit to be metered is sel = t n automatic reversing device compares outputs of the 


is used momentar If tl ins current and voltage amplifiers to determine when the watt 


Fig. 2—The network calculator at East Pittsburgh is designed to accommodate the Fig. 3—All the characteristics of each element 


largest interconnected systems and power pools. There are a total of 668 circuit com- of a power system are reproduced in miniature 
ponents for representing generators, transformers, transmission lines, and system loads by the corresponding a-c calculator element. 


Electrical 
Characteristics ishaiitien < Mandinnte 


Adjustable 
Calculator 
Elements 


Connections 
as per 
Single-line 
Diagram 





varmeter has an upscale deflection. Should the detlection not 
be ups ale, a simple electronic circuit operates a relay to re 


verse the instrument. The sensitivity of this device is sufficient 


to operate for all watt-varmeter deflections greater than ap 
proximately 4 inch. For those readings falling close to zero, 
a manual reversing switch can still be used 
Watt-Regulators—One of the major differences 
the operation of a power system and its equivalent system on 


Most 


between 


the network calculator has been in the generator units 
generators on a power system are held by governor action o1 
by operators to a constant power output at any given time 
On the other hand, the network-calculator generators have 


amplifier and used to drive 


vyearmotor The vyearmotor 


phase shitter until the generat 
to the desired output 


Watt 


except one and will t 


regulators can bye 


heres 


hold powel 


machines to 
carries the load variation itor 
particularly helpful on lary reducing 
considerably the amount mlancing 
generator units. The regul yutput of 
the venerator units to approy cale on 
touched 


held constant phase angle and, of course, have had to be re the wattmeter. The output of « 
Pe ire] necessary 


adjusted to divide the total generation in the correct manner up” before readings if closer 


after every change in load. This discrepancy has been removed 


the generator units. The What an A-C Network Calculator Can Do 


watt-regulators to 
inva ible too ( ystem-planning 


by adding 
generator-unit wattmeter is used to sense when the output of 
a particular generator differs from the desired value; the engineers in the design of powe1 
be connected to represent any o quiy I he actual 


The calculator is an 


clement cal 


difference between the desired and actual watt output ap 
manne! 


voltage, which is amplified by an electronic power system, and can be operated ele 


pears as a 
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Fig. 4 The growth of electric-ut 
systems has been matched by the 
increasing number of network 


calculator 
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new power readings made and new 
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table or unstable. Stability studies 
types: however, they usually are 
frequent intervals, such as 
ipacity 1s contemplated 


nort-circult studie ot all types 
work calculator for determining 
relay settings. The short-circuit 


board are usually limited to the 


ubstantial mutual coupling be 


usually considered sufficient 


Availability of Calculators 
in the United States has in 
1929, when the first calculator was 
increase in the number of calcu 
osely the growth of the electri 

trated in hig } 
how two things: first, that as 
he complexity ot the power 
more ties between systems 
interconnections, and even 
In operation secondly, the 
i-hour of the later network 
ral times over earlier units 
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von the system designer have 


produ tivity of the network 


a particulat problem on a 
the type of problem and the com 
on the calculator at East 
iverage time for a study is two 
nerator problem can be set up on 
ind the first study completed by 
\pproximately 25 to 30 load-flow 
na system of this size, depending 
it of the changes for each study. Sta 
id an average time would be two 
hort-circuit studies rarely require 
hough they involve many condi 
ind generation 
of network calculators is making 
ngineers the solution of problems 
losses, stability, or short cir 
Because the network calculator 
increasing number of engineers 
ind the consulting engineers who 
vities should be familiar with the 
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LTHOUGH ELECTRICALLY | olar generator is proba 
bly the simplest of all electric lerators and certain 
one of the first to be conceived, its u is been rather limited 
With very high direct currents at low voltages its forte, 
the unipolar showed promi eolhnally coming into its own in 
the new atomic age. It just couldn’t be beaten in providing tl 
type of power required to pump electromagnetically the 
liquid metals used in atomic-pow bore ‘ But before it 
was hardly proven successful f processes, the “can 
ned” motor-pump was perfected, and the unipolar is. still 
looking for a process that needs hundreds of thousands of am- 
peres at ten volts or less—there is yet no better way of genet 
ating currents of this magnituc 
Michael Faraday devised the first unipolar generator in 
1821 when he moved a metal strip between the faces of a mag 
net and established a voltage between the two ends of the 
strip. Since that time, thi ngle-pole” d-c generator ha 
fascinated engineers. Most unusual i young d-c machine 
designer who has not schemed to turn the unipolar “inside 
out”’ so the voltage-generating, current- Ing parts could 
be on the stator. This would avoid a and collector 
problems. However, to date, all attempt failed. As Mr 
Bb. G. Lamme once said, “You ¢ 
Since Faraday’s first mode 
eral successful forms of the uni ( OMOpPO 
ator. First were the early dise which used a 
rotating between the poles ol a magnet and later 
between the faces of circular mayt pote Copper 
brushes collected current fro 
circumference of the disc. De 
double the output voltage by makiny a “two-conductor 
erator, using two discs on the ft and collecting the 
at the outer edges of the di i the required 
high peripheral speeds made Veal | dise wear) pro 
hibitive Also, the small pace for by md the per 
phery of the dise limited the 
dise type was replaced by the 
Originally, the axial unipo 
per « ylinder on-a large shaft 
circling main pole through the 
the shaft and returned to the 
beyond the cylinder. Brushe 
The next step was a desi tha | 1 more 
armature conductors located ts, thereb 
large main air gaps required b nelrie 
conductor This constructior 
rings that could be located more 
placed after wear without rep 
use of many collector rings also 
ent armature coils. Outputs fros 
connected in series to obtain 
d-c machine This generator yu Ing 
1906, and rated 2000 kw, 260 volts. 7700 impere 


rpm Phe unit operated cor er icement 
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Fig. 3—The 150 000-ampere unipolar generator during construction at the East Pittsburgh plant. 
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grains were chosen as a reasonable figure and an air humid 
was furnished with the generator to insure that minimum 
amount, (2) A brush size of 1.5- by 1.5-inch cross section was 
selected to give the best stability of contact. Smaller brushes 
proved to be less stable and larger brushes indicated too few 
electrical points of contact were maintained. A metal graphite 
brush was selected to give the low contact drop for reduced 
heating but still sufficient to help proper division of current 
3) Spiral grooving was found desirable not only to increase 
the « ooling of the collector but also to force any local concen 
tration spot of current collection to be swept across the brusl 
face and thus tend to prevent selective action by overheating 
at a spot on one brush. This was particularly important be 
cause of the negative coefficient of resistance of carbon 

Other preliminary studies indicated that the collector 
would have to be water cooled as well as cooled by air blast 
The air-blast nozzles were located between the brushholder 
and not only cooled the collector and brushes, but also removed 
carbon and copper dust as it was worn off the brushes 

Water « ooling of the « ollectors was acc omplished by form 
ing labyrinths under them and using special rubber inserts in 
grooves machined in the shaft. Cool water was brought in 
from a hole in the center of the shaft at three points on eac | 
collector and the heated water taken out at three points, eac! 
parallel circuit cooling one third of the collector. The heated 
water was then taken out through the shaft 

Special brushholders were developed to permit maximum 
coverage of the collector surface by the brushes and over 60 
percent was covered, which was four to six times the norma 
coverage for collectors. The holders, springs, and fingers had 
to be designed to permit brush maintenance and replac ement 
with minimum difficulty. The brushholders used the compen 
sating bars extended from the stator slots as brackets, a log 
cal development based on Lamme’s 1906 design 

It was recognized that all rotating parts of the generator 
would become separate little unipolars unless all stray fluxe 
were prevented from cutting them. This posed a real problem 


{ 


in the case of the collectors because the large steel arms tha 


lifier 


carried the useful flux from t 


pole had to be located ar 
would be at consider ible n 
the shaft under the collector 
collectors as a result 

outer ends of the collector 
tors would tend to cause 
add to the load currents in t] 
collector and subtract from t} 
the inboard end. This at first 
to compensate for IR drop 
the results were far too power! 
ing coils located on the yoke ar 
the coils was sufficient to ca 
current densities of over 1000 
those on the other end had 1 


Phe problem was solved by p 
ends of the collectors so that 
vided at the position wher 
center main-pole air gap and 
outer yokes. By varying the pr 
cated fields, the current distribut 
be changed to obtain almost perte 
Bucking coils provided on the 
cessfully prevented stray 
halt journals 
Years of successful 
the unipolar gene rator 
the highest quality big-in 
put into service, operatio 


ampere 180 percent of the 


complied without complai 


its useful field 1s limited to 


and high currents beyond 
Several po ible apphicatic 
the 1934 machine have 
along that must hay 


amperes at ten volts or 


whats 
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Magnetic Amplifiers Capture More Business 


norning in on the 


— MAGNETIC AMPLIFIER 1s rapidly 
vacuum tube. Although there are numerous application 


where vacuum tubes still hold a ‘‘closed-shop” status, mag 
netic amplifiers are tinding increasing use in control systen 
where their simplicity and reliability, long life, and mai 
tenance-free operation in all types of surroundings are 
definite advantage 

\ magnetic-amplifier control panel has become the “middle 
man” in a control system for temperature control of electri 
furnaces. The Magamp unit amplifies the signal from a pro 
portional controller and provides d c excitation for a 3714-k1 
saturable reactor, which in turn controls the voltage to the 


furnace heater units. The unit gives a two-to-one reductior 
+] 


n size over the previous control system, combined wi 
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Frequency-Shift Relaying over Microwave 


ol microw 
proves 


0 be ta 


to trip breakers by 

e operation under 

ili not cause Taise 

ilarm the moment 
The new V1 innot bye fooled hy 
uch as mig! venerated by storn 
turbance Ol 

new frequen Iwenty years ago a typical axial-flow, forced-draft blower for 

naval vessels operated against a pressure of eight inches of water 
and required a turbine of about 150 hp to drive it. Today the 
back pressure is 130 inches and the turbine power is close to 1000 
( his | d.« : ge 
milliseconds. This high speed hp. Such is a result of greater crowding of boilers and auxiliaries. 


tored operation should make this a v a\ 1 fils But —and this is significant of progress in direct turbine-driven 


peed nignw 


axial blowers —the machines are no larger physically and weigh 
no more than their predecessors of 1934. A sizable number of these 
130-inch forced-draft blowers with three high-efficiency stages are 
being built for the large new aircraft carriers and destroyers, 


Several thousand magnetic cores such as these may be 
Phe first 69-kv substation used in a single computer or data-processing ma- 
with phase-isolated leads chine. These cores are wound on ceramic spools that 
having the full impulse range in size down to 1/32 inch in diameter and 1/16 
rating —350 kv —for this inch high. The strip with which these cores are 
voltage class has been wound —a nickel-iron alloy —is rolled as thin as one 
put into service by eight-thousandth of an inch thick. Normally a core 
Philadelphia Electric. The consists of only 6 to 15 wraps of the magnetic material 
substation contains pothead on the spool. These Hiperthin cores have higher per- 
compartments and meability and are more temperature stable than 
disconnecting switches for ferrite cores. These cores are also applicable to high- 
connecting incoming lines frequency magnetic-amplifier circuits, where high 
to transformers gain is needed. 


Longer Life for Thyratrons 


fe has been found for the xenon-filled thyratron 
vapor to the xenon gas the thy ratron maintains 
gh-temperature range of operation characteristi 
but also has the inherent long life of a mercury 
le because the ionization potential ol xenon gas 
rcury vapor and therefore, when the temperature 
to provide sufficient mercury vapor, the voltage 
rise high enough to ionize an appreciable number 
aer pra¢ tically all conditions of operation in con 
vill therefore be operating on mercury vapor 
when the tube is starting after a period of 
nbient temperatures. Since xenon is relatively close 
ght, the current-carrying capabilities and other 


ve remain practically constant whether it is work- 
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‘‘Push-Pull’’ Aids Tin Reflow 


A NEW 2400-kw tin-retlow line, one of the largest single 
par kage installations to date, will process tin plated steel 
strip at 2000 feet per minute. The steel strip will pass pro 
gressively through induction-heating coils rated at 400, 600, 


and 800 kw. The tinplate is brought up to melting tempera 


ture and flowed. Up to 500 kw can be applied per foot of strip 
length, this high density making possible a sharp flow line or 
melted zone 

\n automatic temperature-control system uses photoele 
tric cells to pick up light reflected from the bright flow line, 
which is held in position within + one inch, regardless of 
speed, width, or thickness of the strip 

A special feature of the installation is a newly designed 
oscillator unit. The basic oscillator cubicle units are rated at 
150 and 200 kw. Formerly, each unit consisted of two oscil 
lator tubes connected in push-pull 

To get improved versatility in combining cubicles, the new 
units have parallel oscillator tubes, making in effect, a single 


Ost illator tube per ¢ ubi le Iwo ( ubic les can be easily com 





bined to operate push-pull, or groups of paralleled cubicles 
can be operated push-pull. This allows a versatile grouping 
of the units in multiples of two, so that complete oscillators rhe multiple-break interrupter design, so successful in the 350 
} kv breaker, has been scaled down for the 161-kv oil circuit 


can be easily assembled in ratings from 150 to 800 kw wit 
breaker. As a result, 161-kv breakers can now be built with an 


no special hook-ups required 


interrupting rating of 15-million kva. The previous maximum 
for this voltage was 10-million kva. Similar to the 350-ky in 
terrupter, the new interrupter has multiple breaks (two instead 
of four), finger contacts, and provides ease of maintenance and 
examination, with time-savings in adjustment and reassembly 


he interrupter can be adapted to some of the older breakers 


i 
*. 























This form-fitting plastic container 
for the image orthicon is not gift 
wrapping. The protective case fits 
closely over the bulb to protect it 
during shipment, and is intended to 
remain on the tube while in 
storage. rhe transparent plastic 
permits inspection of the tube and 
its parts without breaking the 
package seal. It has also been 
designed so that when the tube is 
laid down, the case keeps the tube 
in a favorable position so that any 
loose particles within the tube will 
not fall onto the sensitive target 
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Solving Motor-stability Problems 


ol larg 
problem of stability—both ts 
tate. To sols yblems, engineer 
method of handling them on t : network 
comp tude 
jmum it 


lor tault 


lormance requirements on 
ten 


These method nay j | ised tor tudying lary 


il motor load as wind-tunnel drives, pumping 
itomatic-transfer performance of powerhouse aux 


; 


ter technique promises 0 


" 
motor The digital-compu 
engineering Manpower in ing such problems, particular 
when a large number of studies are involved 
[he range of motor-starting (type BAL) 
fuses for high-voltage industrial systems has 
been doubled —from 200 to 400 amperes at 
2500 and 5000 volts. The fuse limits short- 
circuit currents to 60000 amperes crest, 
and interrupts in less than one-half cycle 
with no disturbance or flame. The new 
400-ampere design is completely inorganic and sealed. 
Ihe fuse consists of two barrels or units brazed together by a 
bridging member, which acts as a contact surface and a support 
There are no bolted connections between the 


for the pivot pins 
parallel units to cause possible unequal current distribution. 


Wrap-around fuse fittings have been eliminated and no tools are 
required to change a fuse. The fuse can be disconnected, removed 
and replaced with a standard hookstick. The fuse and mounting 
requires only slightly more space in the starter than the present 


200-ampere rating 


Heat is applied to aircraft windows to defrost or de-ice the 
glass, to insure clear vision for the pilot under all 
environmental conditions. This small black “‘box”’ contains 
the complete control for regulating the power applied to 
aircraft window heaters. This is an all-Magamp control, 
and replaces two electronic types. It operates from a 
115-volt, single-phase, 380/1000 cycle supply. The device 
can also be adapted to regulate the heat supplied for 
de-icing aircraft surfaces, or to control the ambient 
temperature in personnel compartment in aircraft 





This air-insulated load-break switch has a rating of 500 
operations interrupting 100 amperes at 15 kv and a 
continuous current rating of 600 amperes. It also 

meets the NEMA standard of 40 000 amperes momentary 
and 25 000 amperes for four seconds. The new switch 
is intended for use on 15-kv circuits with a basi 
insulation level of 95 kv. Design emphasis was also placed 
on minimum space requirements. The case matches the 
appearance and height of standard switchgear and 
dry-type power-center transformer cases, and is 34 inches 
wide, 48 inches deep, and a little over 90 inches 
Provision is made for connection to customer's 
lines either at the top or through the bottom 
The new switch is available only as an 


integral part of a transformer 


high 
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Dr. A. Wexler « H. E. Schaffer « W. A. Derr and M. A. Hyde » R 


* Like so many of our articles, written by busy scientists and engineers 
the article by Dr. Aaron Wexler, is “‘well traveled.’ 
old Research Laboratory in East Pittsburgh, written on a trip to Europe 
and completed in the brand new Research Laboratory. The occasion for 
Wexler’s trip was to present a paper on low-temperature research at the 
International Conference on Low 
Temperature Physics at the Uni 
versity of Paris 

Wexler joined the Westinghouse 
research staff in 1947 and estab 
lished the low-temperature labora 
tory. Under his direction, low 
temperature techniques and ap 
paratus have been developed and 
important scientific contributions 
made to this field. In 1952, Wexler 
was appointed an advisory phys 
icist, and in 1953 the manager 





of the magnetics and solid-s 
physics department. Last year he 
became an associate director of the 
Laboratories 

Upon graduation from Brook 
lyn Polytechnic Institute, Wexler 
was awarded a National Fellowship at Johns Hopkins. There he receives 





his PhD in 1944, and remained as a research associate until he came to 
Westinghouse three years later 


* H. E. Schaffer came to Westinghouse in 1922 after gaining his BSEE 
from Bucknell University After a short stint as a tester in the trans 
former section, he transferred to transformer engineering in 1923. In 
1925 he moved with the Transformer Division from East Pittsburgh to 
Sharon. Pa; since that time he has been a design engineer in the section 
concerned with network and power transformers. For the past 12 years 
he has specialized in the design of the stationary-type high-voltage test 
ing transformers, of which he writes in this issue 

In his spare time, Schaffer combines his two hobbies, travel and 
photography. In his travels through 44 states and 4 provinces of Canada, 


he has amassed a large collection of color slides of the scenery enroute 





* The combined talents of W. A. Derr and M 1. Hyde produced the 
article on remote operation of pipeline pumping stations—and few team 
would be as well qualified. Derr’s specialty has been supervisory control 
since he first joined Westinghouse in 1936. Hyde is a widely recognized 
authority on pipeline electrification 

Derr’s first assignment after finishing the Graduate Student Course 
was to help test the supervisory control equipment for the Hoover Dam 
to Los Angeles line. In the ensuing years he has worked on many phases 
of supervisory control, including its adaptation to microwave, and the ap 
plication of this combination to pipelines. He is now in charge of the 
supervisory control activity 

Hyde has been largely engaged in pipeline and other petroleum and 
chemical activities since 1935. Before this he had worked on general n 
activities, particularly cement mills. Hyde has played a part in most of 
the pipelines electrified during the past fifteen years in the United States 

Derr is a graduate of Penn State, with a BSEE in 1935 and an MS 
the following year. Hyde majored in physics at Marietta College, and 
also graduated from Case, where he earned his EE degree. He also holds 
an ScD from Marietta. Both Hyde and Derr have appeared as authors 


in the ENGINEER several times 


* R. B. Squires and R. H. Swanberg are well qualified to speak of network 
calculators. Both have played a major role in the present Westinghouse 


network calculator installation in East Pittsburgh, largest in the world 

Squires is a graduate of Purdue University, from which he received 
his BS in EE in 1940. He entered Westinghouse on the Graduate Student 
Course the same year, and subsequently was assigned to the Centra 
Station Section in 1941. The following year he transferred to the Tech 
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Above, the compressor rotor of the transonic portion of the Propulsion 
Wind Tunnel being lowered into place. This tunnel is part of the 

Air Force's new facilities at the Arnold Engineering Development Center. 
Smaller photo shows the four motors —totalling 216 000 hp—that 

will power both the transonic and supersonic tunnels. Motors on either 
end are 83 000 hp each; the two in the center are 25 000 hp each. 








